Abstract (J Korean Assoc Oral Maxillofac Surg 2012;38:38-43) Introduction: The location of parotid gland tumors in the superficial or deep lobes can affect the time and difficulty of operations. Therefore, accurate preoperative evaluation of the tumor location is important for surgical outcomes. Materials and Methods: A total of 16 patients with parotid gland tumors and who underwent a parotidectomy between April 2003 and March 2011 were retrospectively reviewed in terms of demographic background, tumor location, surgical treatment, and treatment outcomes. Tumor location was estimated by four landmarks on contrast enhanced computerized tomography scans, which were Conn's arc, the facial nerve (FN) line, the Utrecht line, and the retromandibular vein. Tumor location was confirmed by relative position depending on the facial nerve during surgery. It was assumed positive since the tumor lies in the superficial lobe of the parotid gland, the sensitivity, specificity, positive predictive value, negative predictive value, and efficiency of each landmark were evaluated. Results: Our result revealed that the facial nerve line had a sensitivity of 83.3%, specificity of 100%, positive predictive value of 100%, negative predictive value of 71.4%, and efficiency of 87.5%. Some would be more efficient preoperative evaluation methods of the relationship of parotid gland tumors to the facial nerve than others. Conclusion: In our study, the FN line was found to be the most reliable analysis method.
. Although the superficial and deep lobe of the parotid gland are not clearly anatomically divided, however, the surgions divide the lobes by FN path clinically. Generally, the location of the tumor is evaluated before operation using imaging examinations such as computed tomography (CT) and magnetic resonance imaging (MRI), but it is difficult to identify the FN with radiographic image only. In addition, if the tumor is larger, it may be hard to identify the location of tumor with only imaging examinations because of the movement of soft tissue around parotid gland including FN 79 . Therefore, there are several methods of anticipating the location of the parotid gland tumor based on the other anatomical reference point on radiographic image, such as Utrecht (U) line 1, 2 , retromandibular vein (RV) 1, 2 , Conn's arc (CA) 10 , and FN line 10, 11 . In previous research, efficiency was measured differently by case 1, 2, 915 ; as such, this research divided the location of the parotid gland tumor into superficial lobe and deep lobe based on 4 anatomical reference points on CT, compared it with the true location of the tumor in
I. Introduction
Parotidectomy may cause permanent damage to nerve such as facial paralysis and Frey's syndrome after surgery due to the anatomical location of the parotid gland and facial nerve (FN). Superficial parotidectomy causes minimal risk to the FN, whereas surgery for tumors in the deep lobe has a higher rate of FN injury. If total parotidectomy is required, however, the FN would be injured because of exposing FNs even when they are not sacrificed. Therefore, accurate preoperative evaluation of the location of the parotid gland tumor is important for the surgical outcomes and prognosis of patients because its location significantly affects the time and parotidectomy were performed on 2 patients, respectively.
Methods

1)
Obtaining CT image CT (Aquilion 64 TSX101A; Toshiba, Tokyo, Japan) image was obtained by injecting 2 mL/kg contrast (Ultravist; Schering Korea, Seoul, Korea) into potential patients of parotid gland tumor.
2) Pointing anatomical references Two oral and maxillofacial surgeons were trained by an oral and maxillofacial radiologist predicted the location of the parotid gland tumor by setting 4 anatomical landmarks on the axial view on the obtained CT image. If the two surgeons had different predictions, the opinion of the oral and maxillofacial radiology specialist was referred to. The predicted location was compared with the true location of the tumor based on the surgical chart and photos during operation.
operation, compared methods to analyze the location of the parotid gland tumor, and analyzed their efficiency.
II. Materials and Methods
Materials
A total of 16 patients with parotid gland tumors and who underwent parotidectomy in Department of Oral and Maxillofacial Surgery, Kyoungpook National University Dental Hospital between April 2003 and March 2011 were retrospectively reviewed. (Table 1 ) Male patients numbered 6, and female patients numbered 10, with average age of 39.2 (range, 2362). In the final biopsy result, 13 were diagnosed with a benign tumor (10 pleomorphic adenoma and 3 Warthin's tumor), and 3 patients were malignant tumor (malignant lymphoma, mucoepidermoid carcinoma, and adenocystic carcinoma, respectively). Eleven patients had superficial parotidectomy, and total parotidectomy and subtotal 
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(2) Evaluation of the tumor's location In the CA analysis, the tumor was deemed to have reached deep lobe of the parotid gland even when part of it is in arc. In case of the FN line and U line, the tumor was regarded as being in the superficial lobe of the parotid gland if the entire or most of the tumor is outside of the standard line. Otherwise, it was deemed to be in the deep lobe. In the case of RV analysis, the tumor was regarded as being in the superficial lobe if RV is moved to the inside or the tumor is outside of RV. 4) Evaluation of sensitivity, specificity, positive predictive value, negative predictive value, and efficiency (1) Sensitivity=true positive (TP)/(TP+false negative [FN] ) ×100 The case resulting from the image analysis, the parotid gland was predicted to be in the superficial lobe, and the true 3) Analysis of the tumor's location based on the anatomical landmarks ( Fig. 1 ) (1) Anatomical landmarks CA CA is an arc with a radius of 8.5 mm, centered on the most posterior point of mandibular ramus.
FN Line FN line connects the lateral surface of the posterior belly of the digastric muscle with the lateral surface of the cortex of the ascending mandibular ramus.
U Line U line connects the most dorsal point observed on the ipsilateral half of a vertebra and the most dorsal point of the RV. RV RV is the vein runs posterolaterally to the mandibular ramus at the height of the parotid gland. 
terms of efficiency (87.5%).
Among other anatomical landmarks, U line revealed high values in efficiency (81.3%) and positive predictive value (100%) but lower values than the FN line in sensitivity (72.7%) and specificity (40%). The sensitivity of RV was the same as that of the FN line (81.8%), but it had lower values than the FN line in all other values such as efficiency (68.8%), specificity (40%), positive predictive value (75%), and negative predictive value (50%). CA revealed the lowest values except specificity (60%), such as efficiency (50%), sensitivity (45.5%), positive predictive value (71.4%), and negative predictive value (33.3%). (Table 2) IV. Discussion
Previous research commented many predicting methods, such as CA, FN line, U line, and RV, to identify the location of the parotid gland tumor before operation using imaging equipment such as CT or MRI and predicted the relationship between the location of the tumor and FN 2, 911 . When identifying tumor location using CT or MRI image, the FN branch in the CT image cannot detect even with contrast media. According to Thibault et al. 13 , however, it is possible to see the FN branch and part of the parotid gland tissue by lowering the intensity of MRI's T1 image and using a curvilinear view. However, the FN branch is not expressed in all MRI images, and it is impossible to examine the parotid gland due to shadow if there is metal prosthesis in the mouth. In contrast, MRI is advantageous in diagnosing soft tissue mass, but CT using contrast can identify the relationship between the location of the tumor and surrounding tissues 1416 . We have diagnosed patients with parotid gland tumor using CT with contrast media due to its various advantages such as low inspection expenses.
In this research, CT with contrast was used; MRI was used additionally for a patient diagnosed with a malignant tumor as a result of the biopsy before operation (patient location was in the superficial lobe of the parotid gland.
(2) Specificity=true negative (TN)/(false positive [FP]+TN) ×100 The case resulting from the image analysis, the parotid gland was predicted to be in the deep lobe, and the true location was in the deep lobe of the parotid gland.
(Note: the definition of specificity is "Tumor was predicted to be not located in the superficial lobe, and the true location was not located in the superficial lobe of the parotid gland," but we defined it as above because the purpose of this research was to determine the method of operation such as superficial parotidectomy or total parotidectomy by predicting the location of the parotid gland tumor before the operation.) (3) Positive predictive value=TP/(TP+FP)×100 The case resulting from the image analysis, the tumor was predicted to be in the superficial lobe when the true location was in the superficial lobe of the parotid gland.
(4) Negative predictive value=TN/(FN+TN)×100
The case resulting from the image analysis, the tumor was predicted to be in the deep lobe when the true location was in the deep lobe of the parotid gland. 
III. Results
Among 4 anatomical landmarks, the FN line had the highest value in terms of sensitivity for tumor in the superficial lobe of the parotid gland (81.8%), specificity (100%), positive predictive value (100%), and negative predictive value (71.4%). It also had the highest value in Table 2 . Sensitivity, specificity, positive predictive value, negative predictive value, and efficiency of four landmarks in predicting the tumor location of the superficial lobe (n=16) . On the other hand, Ariyoshi and Shimahara 11 analyzed the location of the parotid gland tumor using the FN line based on the MRI of dead bodies and achieved 87.5% accuracy. It means muscle layers are distingioshed more clearly in MRI, so the analysis of the tumor's location will be more efficient if MRI is used in preoperative diagnosis. As shown in this research, the results of 4 analysis methods are different 1, 811, 16 , possibly because of the relationship between the anatomical landmarks of each method and the parotid gland. Among the 4 anatomical landmarks, RV and U line may be changed by location, size, and growth direction of the tumor because its anatomical landmarks for prediction (RV, vertebra) are on the lateral surface of the parotid gland 17 . However, the location of the FN line is not changed considerably by the location of the tumor because its references (posterior belly of digastric muscle, ramus) are either outside of the parotid gland or fixed 1, 2 . In this research, RV and U line had low specificity. The reason is, if a tumor is in the superficial lobe of the parotid gland, it is easy to examine due to the great variation of tissue because the RV is outside the parotid gland; if a tumor is in the deep lobe of the parotid gland, however, the variation of the RV is less because internal tissues such as the posterior belly of the digastric muscle, isthmic fat layer, and internal carotid artery show more variation than the lateral surface of the parotid gland 18 . A parotid gland tumor moves the parotid gland due to its location in the parotid gland, size, or surrounding soft tissues. Therefore, if the reference is a fixed tissue outside of the parotid gland, the analysis of the location of the parotid gland becomes less effective because the anatomical landmark is not changed by tumor growth and location. And the standard line of CA (ramus) is always fixed, so it is not changed by the location of the parotid gland tumor. As shown in this research, prediction by the CA method that was not affected by the location of the tumor had the lowest efficiency; other methods had relatively higher prediction efficiency. In addition, among the analysis methods whose standard line is affected, the FN line using digastric muscle and the ascending ramus of mandible had the highest prediction efficiency. 12) to identify the relationship between the location of the tumor and surrounding tissues more correctly. With the CT image, anatomical landmarks were obtained based on the mandibular ramus (CA, FN line), posterior belly of the digastric muscle (FN line), ipsilateral half of the vertebra (U line), and RV (U line). For the posterior belly of the digastric muscle that is not distinguished clearly in the CT axial view, anatomical landmark was obtained at the location of the tumor by coming down along the line of the digastric muscle (inside surface of the mastoid bonemiddle tendon of hyoid). For 3 patients who had different opinions on the location of the posterior belly of the digastric muscle on the CT image between oral and maxillofacial surgeons (patient 3, 5, 6), the opinion of the oral and maxillofacial radiologist was consulted to; in both anatomical landmarks obtained by 2 inspectors, however, the tumor was predicted to be in the superficial lobe of the parotid gland. For the patient whose MRI was taken additionally, the location of the posterior belly of the digastric muscle as predicted in the CT image was the same as the predicted location in the MRI image.
In this research, when calculating sensitivity, specificity, positive predictive value, and negative predictive value, positive assumed that the tumor is in the superficial lobe of the parotid gland; negative assumed that it is in the deep lobe 1 . Therefore, high sensitivity means that the method has high accuracy in the case actual parotid gland tumor is in the superficial lobe, and the high specificity means that the method can accurately predict the tumor in the deep lobe of the parotid gland. A positive predictive value means the possibility that the ture location is in the superficial lobe of the parotid gland when the tumor is predicted to be in the superficial lobe of the parotid gland, whereas a negative predictive value means the possibility that the true location of tumor is in the deep lobe of the parotid gland when the tumor is predicted to be in the deep lobe of the parotid gland. For example, in this research, RV had high sensitivity (83.3%) but low specificity (40%). It can be interpreted to mean that the RV method is effective if a parotid gland tumor is in the superficial lobe but less reliable if the tumor is in the deep lobe. In the actual application of the RV method, a low negative predictive value (50%) was recorded. This means that the RV method is ineffective in predicting the location of the tumor in the deep lobe.
In the previous study of Lim et al. 1 , the U line method was the most accurate method with high sensitivity (89.3%), specificity (97.7%), positive predictive value (98%), negative predictive value (87.8%), and accuracy (94%). In this study,
In short, accuracy of a prediction is relatively lower if the anatomical landmark for analysis is changed greatly by the location of the tumor because of excessive proximity (RV); even when using a fixed anatomical landmarks (CA), it is hard to follow relative change according to the development of tumor. Therefore, the FN line analysis method with a fixed anatomical tissue (lateral surface of the ascending ramus of mandible) and a relatively movable standard line (lateral surface of the posterior belly of the digastric muscle) is effective in identifying the location of the parotid gland tumor before operation.
V. Conclusion
After analyzing the location of the parotid gland tumor before operation using CA, FN line, U line, and RV and comparing with the true location of tumor, the FN line was found to be the most reliable analysis method. However, additional image such as MRI may be helpful because the posterior belly of the digastric muscle is not always distinguished in CT when using the FN line method.
